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[57] ABSTRACT 
A circuit protection device for use with an electrical 

unit comprises driver circuitry connected to the electri» 
cal unit and connecting means electrically connecting 
the device to the electrical unit to provide a voltage 
signal indicative of a voltage associated with the electri 
cal unit. A voltage detector is connected to the connect 
ing means and receives the voltage signal, and provides 
a conditioned voltage signal output representative of 
the voltage signal. An analog-to-digital converter re 
ceives the conditioned voltage signal output and con 
verts the conditioned voltage signal output to a digital 
value. A digital processing device receives the digital 
value from the analog-to-digital converter and provides 
an output signal to the driver circuitry to turn off power 
to the primary if an error is detected. The device may 
also include current obtaining means for providing an 
electrical signal indicative of a current associated with 
the electrical unit, and a current detector circuit con 
nected to and receiving that electrical signal for provid 
ing an output voltage signal representative thereof. 
Multiplexing means may be provided for receiving the 
output signals from both the voltage detector and the 
current detector for selectively connecting only one of 
those signals at a time to the analog-to-digital converter. 
Alternatively, a second analog-to-digital converter may 
receive the second output voltage signal and convert it 
to a digital value, and the digital processing device may 
receive and process the digital values from both analog 
to-digital converters. 

22 Claims, 13 Drawing Sheets 
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DIAGNOSTIC CIRCUIT PROTECTION DEVICE 

BACKGROUND OF THE INVENTION 

This invention relates generally to circuitry for pro 
tecting devices which receive a periodic input power 
signal, as generally described in commonly assigned 
application Ser. No. 07/580,957, now abandoned. More 
particularly, the present invention relates to diagnostic 
circuit protection devices which can be calibrated to 
protect a particular load or circuit. 
There are circumstances under which fuses, circuit 

breakers, ground fault interrupters, or other currently 
used protection circuits do not provide adequate hazard 
and device protection. These presently used devices are 
not sensitive to all possible fault conditions. Sometimes 
the fault condition is such that it requires a power shut 
off time much shorter than these devices can provide, in 
order to prevent a hazard or equipment damage. 
The present invention can be used in place of a fuse or 

a circuit breaker and provides protection under a 
broader range of conditions than do fuses, circuit break 
ers, ground fault interrupters, or other currently exist 
ing protection devices. It is capable of adapting to the 
fault conditions presented by the system in which it is 
installed. Unlike other protection devices, the present 
invention does not rely on built in fault limits. It is 
adaptable to the protection of common household appli 
ances, air-conditioning units, light ?xtures, medical 
instruments, and many other electrical units. Because it 
can be calibrated at the time of installation, it can be 
used with all types of electrical units as an add on de 
vice. _ 

One inadequacy with currently available protection 
devices is their lack of ?exibility in adapting to the 
peculiarities of the electrical system in which they are 
installed. Most protection devices are calibrated at the 
factory to protect at a single, preset fault limit. This is 
generally true of fuses, circuit breakers, and ground 
fault circuit interrupters. Similarly, electronic protec 
tion devices tend to be custom-designed to work with 
the power supply with which they are used. They are 
usually an integral part of the power,supply design, and 
are not adaptable for use as an ‘add on’ device to an 
existing electrical system. 
The typical electrical system comprises either a 

power source connected directly to the electrical unit 
(the load), or a power source coupled to the electrical 
unit through a matching device. The matching device 
comprises a device, such as a transformer, or a circuit 
comprised of other components. When used, its input is 
connected to the power source and its output is con 
nected to the electrical unit. 

Thus, one type of electrical system may comprise an 
alternating current power source coupled to an electri 
cal unit through a transformer. The power source may 
be a standard United States alternating current source 
or may be a source conforming to a European or other 
standard. The transformer may be chosen from a vari 
ety of types, ratings, and constructions. A transformer is 
selected to match the power source to the load charac 
teristics of the particular electrical unit to provide 
proper operating power. This is done by using a trans 
former with speci?c voltage and current ratings. The 
load characteristics of an electrical unit depend, among 
other things, on its type, physical con?guration, and on 
the ambient conditions in its operating environment. 

20 

30 

35 

45 

55 

65 

2 
Proper installation, maintenance, and hazard protec 

tion of electrical systems is crucial to their safety and 
longevity. Currently, there are inadequacies in all three 
of these areas. The chief problems that an electrical 
system can suffer from are: (1) overloading; (2) under 
loading; (3) an imbalanced load (or electrical unit); (4) 
open circuits in the electrical unit; (5) short circuits in 
the electrical unit; (6) arcing; (7) power surges in the 
primary circuit; and (8) over-temperature conditions in 
either the matching device or the electrical unit. The 
present invention can either avoid or solve these prob 
lems for many systems. For example, the present inven 
tion can solve these problems in an electrical system 
comprising a gaseous light ?xture, as discussed below. 
Gaseous light ?xtures are used in numerous commer 

cial and residential applications. Neon sign and ?uores 
cent light installations are common examples. The typi 
cal gaseous light ?xture consists of an alternating cur 
rent power source coupled to a luminous device 
through a transformer. The power source and load can 
vary as indicated above. For instance, the load charac 
teristics of a luminous device depend on its type, physi 
cal con?guration, and on the ambient conditions in its 
operating environment. 
During ?xture operation, the transformer steps up the 

source voltage connected to its primary coil and puts 
out a secondary coil voltage that is high enough to 
ionize the gas in the luminous device. The secondary 
voltage in a light ?xture typically ranges from 110 volts 
to 15,000 volts, depending on the load characteristics of 
the luminous device. Many ?xtures use a particular type 
of transformer called a luminous tube transformer. 
A luminous tube transformer has a special shunt 

winding which will limit the output current to a maxi 
mum given level. The output current level depends on 
the instantaneous load conditions presented by the lumi 
nous device. Typically, luminous tube transformers for 
use with neon lights are designed to limit the output 
current to a maximum given level of 30 mA or 60 mA. 
In ?uorescent light ?xtures the maximum output cur 
rent level of the ballast is typically around 800 mA. As 
described in commonly assigned patent application Ser. 
No. 07/580,957, the use of a luminous tube transformer 
in the ?xture renders fuses, circuit breakers, and ground 
fault interrupters useless for detecting certain types of 
faults and preventing the hazards associated therewith. 
The load characteristics for a given luminous device 

may vary considerably from those of other luminous 
devices of the same type. The variation may be due to 
any combination of differences in size, construction, or 
materials used. Changes in ambient temperature also 
change the load characteristics. Load characteristics 
also vary among the various types of luminous devices. 
The transformer should be chosen to match the load 

at the time of installation. A properly loaded trans 
former has a longer service life, conserves electrical 
power, and maximizes the economic use of natural re 
sources. Proper loading also promotes smoother opera 
tion over a range of varying conditions, such as large 
changes in temperature. A transformer is typically 
chosen so that it operates at 80% of its maximum rating 
when attached to a particular luminous device. The 
transformer has a shorter service life when overloaded 
or underloaded relative to this value. Transformer 
matching presents several problems. 
To match the transformer, the sign maker estimates 

the necessary voltage and current ratings of the trans 
former based on the type, size, and configuration of the 



5,452,173 
3 

luminous device. Occasionally this choice is con?rmed 
in the lab, but usually it is not con?rmed. The trans 
former is then shipped along with the luminous device. 
During installation of the ?xture, an ammeter is some 

times temporarily inserted in the secondary coil circuit 
to verify proper matching of the transformer to the 
load, or to detect an improper load condition. The cur 
rent draw should be approximately 80% of the trans 
former’s maximum current rating. However, techni 
cians often omit this cumbersome procedure and simply 
install the ?xture. Thus, it is rare that proper matching 
is checked at any time prior to or during installation. 
Even when an ammeter is used, it only gives a current 
reading, but does not directly indicate to the technician 
any information about proper loading. 
At the time of installation, the ?xture can suffer from 

three distinct problems: (1) an overloaded transformer; 
(2) an underloaded transformer; (3) an imbalanced load. 
During normal ?xture operation, if a transformer 

draws substantially more current than 80% of its maxi 
mum current rating it is overloaded. This will result in 
a shorter transformer service life and increase the possi 
bility of impaired system performance due to changing 
?xture parameters. 
During normal ?xture operation, if a transformer 

draws substantially less current than 80% of its maxi 
mum current rating it is underloaded. This will also 
result in a shorter transformer service life and increase 
the possibility of impaired system performance due to 
changing ?xture parameters. 
Some luminous devices are con?gured to present a 

balanced load at the transformer secondary. This is 
done by various methods, such as arranging a plurality 
of luminous tubes in series, in parallel, or in series-paral 
lel combinations at the secondary output of the trans 
former. If the load is not properly balanced at the time 
of installation, transformer service life will be shorter. 
Imbalanced loads also require greater power consump 
tion in most cases since greater phase angle differences 
between the voltage and current result from the imbal 
ance. For this reason, electrical units are often designed 
to present a balanced load to the power source. Such 
techniques are quite common in three-phase power 
systems, to which the present invention can be adapted. 
Aside from installation defects, during normal opera 

tion a ?xture is susceptible to the following fault condi 
tions: (1) open circuits; (2) short circuits; (3) arcing; (4) 
power surges in the primary circuit; (5) transformer 
over-temperature conditions; and (6) degradation over 
service life. 
The risk of ?re is particularly present when arcing or 

a short circuit occurs. Fixture construction is such that 
a short circuit or an arc may not result in a failure of 
components or a loss of power. This means that a dan 
gerous condition may persist for a considerable time 
after the fault occurs. 
For a short circuit, considerable heat can be gener 

ated in the wires as the transformer attempts to drive 
the short. Depending on the heat dissipation capabilities 
of the transformer, power to the shorted secondary may 
be maintained for a considerable amount of time. The 
heat generated may cause nearby materials to ignite. 
Even if a ?re does not result, eventually the transformer 
will fail. The technician may not be aware of the short 
circuit fault when replacing the transformer. 
Arcing likewise may continue inde?nitely. High sec 

ondary voltages can sustain electrical arcs up to several 
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4 
inches in length. When this occurs, nearby ?ammable or 
combustible materials could easily ignite. 
The three remaining operating faults do not carry as 

high a risk of danger. However, it is still a great advan 
tage to turn off primary power to the transformer when 
they occur. 

Delivering power into an open circuited ?xture 
shortens transformer service life and may injure an 
unsuspecting person who believes the ?xture to be off. 
Also, arcing may occur at any time an open circuit 
exists, depending on the air gap dimensions and ambient 
conditions. Changes in temperature, humidity, etc. can 
cause an open circuit to start arcing. 
Power surges can potentially harm both the trans 

former and the luminous device. They also present 
some risk of hazard due to large voltage and current 
spikes. It is an advantage to shut down power to the 
?xture as quickly as possible when a surge occurs. 
Beyond a certain temperature it is both dangerous 

and damaging to operate a gaseous light ?xture. ‘The 
primary power should be shut down whenever the 
temperature exceeds this level. 

Currently, a device which can detect and protect 
against operating faults is disclosed in commonly as 
signed application Ser. No. 07/580,957 entitled Lumi 
nous Tube Protection Circuit. Although this device can 
detect all ?ve faults listed above, it does so differently 
than the present invention and it does not offer diagnos 
tic information. It cannot shut off the primary power as 
quickly as can the diagnostic circuit protection device 
of the present invention. 
The Luminous Tube Protection Circuit of the related 

application time-averages the sensed secondary output 
voltage, does not sense transformer primary current, 
and does not use an analog-to-digital converter, so it 
lacks many of the advantages of the present invention. 
One advantage of the present invention is that it can 

shut off power to the transformer primary much more 
quickly than the Luminous Tube Protection Circuit 
can. This is true for any fault condition. 
Another advantage is that the present invention 

senses transformer primary current as well as trans 
former secondary voltages. This allows for accurate 
diagnosis and subsequent indication of the fault condi 
tion. 
The present invention simply divides and converts 

the voltage (and current) values using an analog-to-digi~ 
tal converter, yielding a direct representation of the 
sensed waveform at a given point in time. This captures 
more information about ?xture operation than does the 
Luminous Tube Protection Circuit, which time aver 
ages the transformer secondary voltages. 
The digital sensing method helps provide a faster 

shut-off of the primary power when a fault occurs. It 
allows real time processing of the sensed information, to 
facilitate shut-off and indication. Digital sensing also 
facilitates permanent storage of fault condition wave 
form histories, which are then available during diagno 
sis and repair. 

Finally, the present invention has the advantage of 
being able to calibrate itself to the peculiarities of the 
particular load at the time of installation, or at any other 
time the technician decides to recalibrate the diagnostic 
circuit protection device of the invention. 
Although the foregoing discussion and the subse 

quent disclosure center around the use of the diagnostic 
circuit protection device to protect a gaseous light ?x 
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ture, one skilled in the art can easily apprehend its appli 
cation with other electrical units. 

SUMMARY OF THE INVENTION 

The diagnostic circuit protection device according to 
the present invention ensures proper installation and 
operation of an electrical unit, reduces risks and hazards 
associated with a failure of an electrical unit, lowers 
replacement costs by ensuring proper power matching 
in an electrical unit, and expedites installation and repair 
by providing diagnostic information concerning the 
failure of an electrical unit. 
The diagnostic circuit protection device of the inven 

tion is provided for use with electrical systems. The 
system comprises a power supply, an electrical unit or 
device, and optionally a matching device which 
matches the power supply to the electrical unit. The 
diagnostic circuit protection device senses a minimum 
of one voltage associated with the electrical system. 
Often, this will be the only measurement necessary to 
protect against system hazards. A minimum of one 
branch current in the system can also be measured in 
order to provide diagnostic fault information regarding 
the system. An ambient temperature may also be mea 
sured, to protect against over-temperature hazards. The 
diagnostic circuit protection device of the invention 
then monitors system operation and gives diagnostic 
indications in response to an analysis of the measured 
values. 
A microcontroller is at the heart of a loop formed by 

the diagnostic circuit protection device circuitry. It 
coordinates the acquisition of digital values representa 
tive of at least one voltage, and optionally, additional 
voltage, current, and temperature values. These values 
are acquired at various times relative to a phase refer 
ence established by detecting a particular voltage value 
during a cycle of the voltage waveform, such as zero 
volts. The digital values are processed to determine the 
status of the electrical unit, and to switch the power 
supply on or off accordingly through driver circuitry. 
The microcontroller responds to operator commands 
from power and calibrate switches, and indicates ?xture 
status by regulating the outputs of three LEDs. 
The diagnostic circuit protection device of the pres 

ent invention can protect against and indicate fault con 
ditions during both the installation and the operation of 
electrical units. 
During unit installation, overloading, underloading, 

and imbalanced loads can be detected and indicated. 
During unit operation, short circuit, open circuit,‘ arc 
ing, power surge, and device over temperature condi 
tions can each be detected and indicated. Once de 
tected, these faults are protected against by quickly 
cutting off power delivery from the power source. Dig 
ital representations of waveform values captured at the 
time of the fault condition are stored in non-volatile 
memory and can be accessed later for further diagnosis, 
if necessary. 
These and other objects and advantages of the inven— 

tion will become apparent from the following descrip 
tion of the preferred embodiment when read in conjunc 
tion with reference to the following drawings, wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a diagnostic circuit protection device 
according to the present invention connected to an 
electrical system with optional matching unit. 
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6 
FIG. 2 shows a diagnostic circuit protection device 

according to the present invention connected to a gase 
ous light ?xture. 
FIG. 3 shows the primary voltage waveform of a 

transformer used as a matching device in a gaseous light 
?xture. 
FIG. 4 shows a reactive load reduced secondary 

voltage waveform of a transformer used as a matching 
device according to the present invention with a lumi 
nous device as a load. 

FIG. 5 shows a waveform indicative of the current in 
the primary coil of a transformer used as a matching 
device with a luminous device as a load. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT OF THE 

INVENTION 

Referring now to FIG. 1, the diagnostic circuit pro 
tection device 100 constructed in accordance with the 
preferred embodiment comprises a microcontroller 10 
that is at the heart of a loop in which the diagnostic 
circuit protection device 100 connects to an electrical 
system 90. Electrical system 90 comprises power source 
20, matching device 80 which is optional to the system 
and not necessary to practice the present invention, and 
electrical unit 78. One skilled in the art will understand 
that the power supply 20 can be connected directly to 
electrical unit 78 under many circumstances. Matching 
device 80 is included for purposes of illustration in the 
present disclosure. Driver circuit 82 is interposed be 
tween power supply 20 and matching device 80 and is 
capable of switching the power supply to the electrical 
unit 78 on and off. 

Microcontroller 10 connects to various elements of 
the diagnostic circuit protection device 100. It coordi 
nates the operation of the device under program con 
trol. It has three input/output ports, P0, P1, and P2, 
which are bit addressable, meaning that each individual 
pin on these ports can be accessed under program con 
trol independently of the functions being provided by 
the other pins in the port. Microcontroller 10 includes 
internal RAM, a serial port, internal timers, a reset pin, 
interrupt pins, data pins, various control pins for coordi 
nating peripheral circuits, and internal ROM for storing 
program instructions. 

Probe leads 74 and 76 are comprised of conductors 
including high Megohm resistors and connect, respec 
tively, from the matching device output 72 to voltage 
detection networks 50 and 52. The outputs of voltage 
detection networks 50 and 52 connect respectively to 
the inputs of digitally controlled switches 56 and 58. 
A current transformer 66 determines the current in 

the branch circuit between driver circuitry 82 and 
matching device input 70. It connects at its output to 
current detection network 54. The output of current 
detection network 54 connects to the input of digitally 
controlled switch 60. 
Temperature sensor 18 connects to temperature am 

plifier 22. The output of temperature ampli?er 22 con 
nects to the input of digitally controlled switch 62. 

Digitally controlled switches 56, 58, 60 and 62 accept 
control inputs at their “IN” terminal from, respectively, 
pins P1.0, P1.1, P27, and P12 of microcontroller 10. 
The outputs from the digitally controlled switches are 
electrically connected to each other and are input into 
signal ampli?er 64. This arrangement forms a multi 
plexer, allowing the microcontroller 10 to selectively 
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connect any one of the four digitally controlled switch 
outputs to the input of signal ampli?er 64. 

Zero-crossing detector 16 connects to the output of 
probe lead 74. It provides an output signal to the inter 
rupt zero pin, “INTO”, of the microcontroller 10. 
The output from signal ampli?er 64 connects to the 

“VI+” input pin of analog-to-digital converter 12. The 
analog voltage at “VI+”is converted to a correspond 
ing eight bit digital value. An eight line data bus 68 
connects from the output of the A to D converter 12 to 
Port 0 of the microcontroller 10, so that the digital 
value can be transferred to microcontroller 10. 

Nonvolatile RAM 14 connects to microcontroller 10 
at its serial port pins, “RXD” and “TXD”. It accepts 
values, under processor control, for safe storage in the 
event of a power down of the diagnostic circuit protec 
tion device 100. 

Calibrate switch 28 and power switch 30 connect to 
the microcontroller 10 at pins P15 and P1.6, respec 
tively. These switches provide operator control of the 
diagnostic circuit protection device 100. 

Diagnostic indicating LEDs 32, 34, and 36 connect to 
pins P2.2, P23, and P2.4, respectively, of microcon 
troller 10, allowing it to indicate the present status of 
electrical unit 78. 

Driver circuit 82 accepts input power from power 
supply 20 and accepts driver input signals from mi 
crocontroller pins P13 and F14 The driver turns the 
power supply to electrical unit 78 on or off at the com 
mand of microcontroller 10. 

This con?guration allows the diagnostic circuit pro 
tection device 100 to sense two voltage values associ 
ated with the electrical unit 78, one current value asso 
ciated with the electrical unit 78, and one temperature 
value associated with the electrical system 90. How 
ever, it is not necessary that the present invention al 
ways connect to the electrical system 90 in the forego 
ing manner and sense information according to the 
foregoing description. 
One skilled in the art would appreciate that the diag 

nostic circuit protection device 100 could be con?gured 
differently to protect the same or other devices, and 
that it could sense a single voltage, a single current, a 
plurality of voltages, a plurality of currents, or a combi 
nation of voltage and current values. These choices 
depend on the load and fault characteristics of the par 
ticular electrical unit 78 being protected. Similarly, the 
con?guration of the components could be varied by one 
skilled in the art to achieve the same results. For exam 
ple, multiple analog-to-digital converters could be used, 
eliminating the need for a multiplexer. 

Referring now to FIG. 2, electrical system 90 is 
shown to be a gaseous light ?xture, comprised of trans 
former 92, having primary coil 94 connecting through 
driver 82 to power source 20 and connecting to lumi 
nous tube 98 at its secondary coil 96. Note that trans 
former 92 acts as a matching device in this embodiment. 

Resistors 74 and 76 are high Megohm resistors used 
to divide the high voltage from the transformer second 
ary 72 to a value suitable for input to voltage detector 
networks 50 and 52. Networks 50 and 52 in turn rectify 
and divide the voltage presented at the output of sensors 
74 and 76, using diodes and resistors. The component 
values shown are representative values which are suit 
able for use with neon light ?xtures. Component values 
will be different to accommodate different types of 
gaseous light ?xtures, which have different magnitudes 
of transformer secondary voltage. Sensor and detection 
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8 
network values are chosen so that the output waveform 
of the signal ampli?er 64 will have a peak-to-peak value 
between zero and ?ve volts. Signal ampli?er 64 is a 
standard operational ampli?er which is well known in 
the art. 

Current transformer 66 is a standard induction-type 
current sensing device, which puts out a voltage pro— 
portional to the current being measured. Current detec 
tion network 54 recti?es this output voltage, which 
appears across resistor R3. 

Digitally controlled switches 56, 58, 60, and 62 are 
DG211 FET-type devices, or equivalent devices. Based 
on the digital value at their IN terminal, they either pass 
or block an analog signal across their D and S terminals. 
Since microcontroller 10 connects to the IN terminals, 
it can control which signal passes to signal ampli?er 64, 
thus forming a multiplexer in conjunction with the digi 
tally controlled switches 56, 58, 60 and 62. 
Power source 20 provides standard single phase line 

and neutral power inputs at 120 Volts. However, the 
present invention is adaptable to work with many differ 
ent power sources. 
Driver circuitry 82 includes inverting buffers 40 and 

42 which drive a standard zero-crossing driver 44 ac 
cording to commands sent by the microcontroller 10. 
The zero-crossing driver 44 turns triac 86 on and off, 
when necessary, at zero-crossing points in the power 
cycle. Triac 86 is inserted in series with the transformer 
primary coil 94 and the leads from power source 20 so 
that it is capable of switching power to the transformer 
primary on or off based on inputs presented to the in 
verting buffers 40 and 42. Varistors 46 and 48 are stan 
dard variety metal-oxide varistors used to absorb high 
energy, short duration transients on the power lines. 
Snubber network 88, comprising capacitor cl and resis 
tor R1, protects the triac 86 from being damaged while 
driving the inductive transformer load. 

Still referring to FIG. 2, microcontroller 10 is prefer 
ably an Intel 8051 family device or equivalent device. It 
is a specialized microprocessor with its own instruction 
set and internal ROM and RAM capabilities. Crystal 
oscillator network 24 provides the reference for the 
internal clock. Power-up reset network 26 resets the 
microcontroller when power is applied to the circuit. 

Analog-to-digital converter 12 is preferably an ADC 
0802 or equivalent device. Voltage reference network 
38 connects to the VREF pin to provide a reference 
voltage. RC network 84 connects to the CLK and 
CLKR pins, providing a free. running clock for the 
converter. The VI- and AGND pins are tied to ground. 
The VI+ pin accepts the analog representative signal 
from the output of signal ampli?er 64 for conversion to 
a digital value. Output pins DBO through DB7 allow for 
transfer of the digital value to the microcontroller 10 
over the data bus 68. 
The analog-to-digital converter 12 has appropriate 

control lines which- all connect to the microcontroller 
10. The chip select pin connects to the pin P2.0 of the 
microcontroller so that the analog-to-digital converter 
12 can be enabled when that pin, goes low. The write 
pins of both chips are tied together, so that the mi 
crocontroller 10 can instruct the analog-to-digital con 
verter 12 to begin a conversion. The interrupt pin INTR 
of the analog-to-digital converter 12 connects to the 
interrupt 1 pin INTI of the microcontroller 10, so that 
it can flag-the microcontroller 10 when a digital conver 
sion is complete. Finally, the read control pins of both 
chips are connected together, so that the microcon 
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troller can instruct the analog-to-digital converter 12 to 
send a converted value over the data bus 68. 
One skilled in the art could easily add additional 

analog-to-digital converters or analog-to-digital con 
verters of different resolution to the design by making 
appropriate connections among the control pins men 
tioned above. 

Nonvolatile RAM 14 is a XICOR X2444 or equiva 
lent device, also known as an EEPROM. Pins DI and 
DO are data pins. They are tri-stated and both connect 
to the receive data pin, RXD, of the microcontroller 
10’s serial port. Pin SK is the serial clock pin and it 
accepts a signal from the transmit data pin, TXD, of the 
microcontroller’s serial port. The chip enable pin CE 
(bar) connects to pin P2.1 of the microcontroller 10, 
allowing it to send protocol instructions to the nonvola 
tile RAM 14. The store pin ST (bar) and the recall pin 
REC (bar) are unused and are tied high. This arrange 
ment allows the microcontroller 10 and the nonvolatile 
ram 14 to exchange data serially. 
Temperature sensor 18 is a semiconductor device, 

which puts out a voltage proportional to the ambient 
temperature. 
Ampli?ers 22 and 64 are common variety noninvert 

ing ampli?ers using operational ampli?ers and discrete 
components. 

Zero-crossing detector 16 is a commonly known, 
positive going transition detector designed using a com 
parator and discrete components. 
Power switch 30 and calibrate switch 28 are standard 

normally open switches. Diagnostic indicating LEDs 
32, 34, and 36 are likewise standard components. 
As mentioned before, one skilled in the art would 

recognize that various options are available in con?gur 
ing the present invention. For instance, more analog-to 
digital converters could be used, minimizing or elimi 
nating the need to multiplex signals at the input of signal 
ampli?er 64. Certainly, this change would require an 
increase in other circuitry, such as additional ampli?ers, 
while decreasing or eliminating the need to provide 
digitally controlled switches. Also, the zero-crossing 
detector could be replaced with a circuit which per 
forms the analogous function of establishing a phase 
reference, such as a peak detector. Also, a phase refer 
ence could conceivably be established by means of soft 
ware or other digital processing of the converted volt 
age signal. 

OPERATION 

As previously described, in a preferred embodiment, 
the diagnostic circuit protection device 100 continu 
ously senses (l) a ?rst secondary voltage value; (2) a 
second secondary voltage value; (3) a primary current 
value; and (4) an ambient temperature value. The sensed 
values are either detected or ampli?ed accordingly. A 
representative signal corresponding to each sensed 
value is input to the digitally controlled switches, 56, 58, 
60, and 62. The representative signals are each available 
at the switch inputs at all times during operation. The 
conversion and storage of any representative value will 
now be discussed. 
The microcontroller 10 turns on the appropriate digi 

tally controlled switch 56, 58, 60, or 62 at a given time. 
Thus one of the representative values is ampli?ed by 
signal ampli?er 64 and input to the analog-to-digital 
converter 12. At a time based on the zero-crossing ref 
erence, microcontroller 10 outputs a signal on its WR 
(bar) pin, instructing the analog-to-digital converter 12 
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10 
to start a conversion. The analog-to-digital converter 12 
convertsethe instantaneous value of the representative 
signal present at its VI + pin to an eight bit digital value. 
When the conversion is complete, the analog-to-digi 

tal converter 12 generates an interrupt signal at its 
INTR pin to prepare microcontroller 10 to transfer the 
data. Microcontroller 10 receives this signal at its INTI 
pin which causes its internal program to branch to an 
interrupt subroutine. 
The subroutine causes microcontroller 10 to output a 

strobe signal on its RD (bar) pin and to bring pin P2.0 
low. This enables the analog-to-digital converter 12 
through its CS (bar) pin and instructs it to output the 
converted eight bit digital value onto the data bus 68. 

The'microcontroller 10 receives the eight bit digital 
value over data bus 68 and stores the value temporarily 
in its ram. 

Thus, the microcontroller 10 coordinates the conver 
sion and storage of a particular signal value at a particu 
lar time, using the zero-crossing detector 16 output to 
establish a phase reference to determine such timing. 
The description will now focus on operation with re 
gard to both overall circuit function and to speci?c 
timing. 

In a preferred embodiment, the diagnostic circuit 
protection device 100 is installed with a gaseous light 
?xture as shown in FIG. 2. If the device 100 has never 
been calibrated when power is applied, an indication to 
that effect will be output on the LEDs, 32, 34, and 36. 
Once calibrated with any ?xture, the device 100 will 
not indicate that it is uncalibrated. The device 100 is 
calibrated at the time of installation according to the 
following procedure. 

First a short circuit must be applied across the trans 
former secondary 96. Then the power switch 30 and the 
calibrate switch 28 must be pushed simultaneously. The 
diagnostic circuit protection device 100 will power-up 
and power-down automatically for about a 41 second 
interval. During this time, digital samples are taken of 
the short circuit current ?owing in the transformer 
primary coil 94, according to the protocol disclosed 
above. During the time short circuit current samples are 
taken, it is evident that digitally controlled switch 60 is 
on while the others are off. The microcontroller 10 then 
stores the short circuit current values in the nonvolatile 
ram 14, transmitting them via its serial port according to 
a communication protocol which is well known in' the 
art. 
At this point the technician will remove the short 

circuit from the secondary coil 96 and install the lumi 
nous device 98 across the transformer secondary 96. If 
the technician attempts to operate the diagnostic circuit 
protection device 100 without removing the short cir 
cuit, the device 100 will not allow power to be applied. 
LEDs 32, 34, and 36 will give an indication informing 
the technician that the short is still applied. 
Once the luminous device 98 is properly installed, the 

‘technician may apply power to the device through 
power source 20. The technician will be prompted to 
push the calibration button 28 temporarily through an 
indication on LEDs 32, 34, and 36. During this time 
samples are taken of the ?rst and second secondary coil 
voltages. 

Referring to FIG. 4, a representative reactive load 
waveform is shown as would be observed by connect 
ing an oscilloscope across the D input pins to digitally 
controlled switches 56 and 58 shown in FIG. 2. Actual 
waveforms will vary depending on the characteristics 
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of the transformer 92, the luminous device 98, and the 
power source 20, as was discussed in the background of 
the invention. However, FIG. 4 is representative of a 
normal operating condition for a gaseous light ?xture. 

Still referring to FIG. 4, point “A” corresponds to 
the positive-going zero crossing point of the voltage on 
the transformer secondary coil 96. This is the event that 
triggers input zero-crossing detector 16, causing it to 
generate an interrupt signal which is received by mi 
crocontroller 10. The interrupt establishes a phase refer 
ence for the secondary coil waveform, to which mi 
crocontroller 10 refers when calculating the timing of 
ensuing activities. 
When just the calibrate switch 28 is closed, as dis 

cussed above, the microcontroller 10 ?rst waits for an 
interrupt from the zero-crossing detector. This is point 
“A” on FIG. 4. In the preferred embodiment, ringing 
can be seen to occur during the interval “A-B”, which 
is approximately 3 milliseconds in duration. Ringing, 
although normal, will cause spurious error indications if 
voltage measurements are taken during this interval. 
Micro-controller 10 waits until slightly after point “B”, 
and then begins the process of converting the ?rst half 
cycle voltage signal to a series of digital values as dis 
closed above. Between points “C” and “D”, several 
voltage values may be taken. Perhaps eight to ten values 
will be converted and stored temporarily. 
These values may be averaged or conditioned in 

other ways through digital processing within the mi 
crocontroller 10. In the preferred embodiment, they are 
averaged, and the average is then used to set a maxi 
mum and minimum fault limit in the following way. The 
microcontroller 10 is preprogrammed, according to the 
electrical system at hand, with an upper voltage fault 
tolerance value and a lower voltage fault tolerance 
value. These values are multiplied by the average value 
previously obtained during calibration. The products of 
these multiplications are added and subtracted respec 
tively from the averaged calibration value, and the 
results are stored in non-volatile RAM 14 as the maxi 
mum and minimum allowable fault limits for secondary 
voltage during electrical unit operation. 

This process is repeated for the second half-cycle of 
the secondary coil voltage waveform, with digital val 
ues being converted during interval “G-H”. At this 
point however, the microcontroller is now prepared to 
compare the symmetry of the waveform by comparing 
its sampled values for each half-cycle, or by comparing 
the average sample value for each half-cycle. An asym 
metry in the values obtained indicates that the luminous 
device 98 (the' load) is imbalanced. When this is the 
case, the microcontroller 10 is programmed to turn off 
the power to the ?xture through driver circuit 82, and 
to indicate an imbalanced condition to the technician 
through the LEDs 32, 34, and 36. The technician can 
then exercise the option of running the ?xture with the 
in balance or correcting the imbalance and starting the 
calibration process from the beginning. The degree to 
which imbalance is tolerated by the diagnostic circuit 
protection device 100 is subject to values which are 
preprogrammed based on the characteristics of the elec 
trical system 90. 7 

Note that the present invention is capable of perform 
ing its protection function solely by sampling a single 
half-cycle of the secondary voltage waveform, since all 
of the fault conditions will cause an out-of-tolerance 
condition of each half-cycle voltage. Both half-cycles 
are measured, however, to promote fast shut-off when a 

20 

25 

30 

35 

45 

50 

55 

65 

12 
failure occurs and to allow for the detection of imbal 
anced loads during installation or operation. 

Still referring to FIG. 4, a symmetrical waveform 
such as the one depicted will not cause the microcon 
troller 10 to indicate an imbalance failure. However, 
referring to FIG. 5, the microcontroller 10 may utilize 
interval “A-B”, interval “E-F”, or both, to obtain digi 
tal representations of the current in the transformer 
primary 94, utilizing the current transformer 66 and 
associated circuitry shown in FIG. 2 and described 
above. Several current values may be obtained during 
such sampling, from which the maximum value may be 
discovered by the program of the micro-controller 10. 
This maximum is usually the peak current value. The 
microcontroller 10 compares this value with the short 
circuit current value stored in the non-volatile RAM 14 
to determine whether the transformer 92 is overloaded 
or underloaded. The comparison is again based on pre 
programmed values which depend on the electrical 
system 90 which is being protected. For gaseous light 
?xtures, acceptable currents are considered to be in the 
range of 75% to 85% of the short circuit current value. 
When an overload or underload condition is de 

tected, the microcontroller will shut-off the power 
through driver circuitry 82 and will indicate the appro 
priate failure message on LEDs 32, 34, and 36. The 
technician can then exercise the option of replacing the 
transformer 92 with a more appropriate choice or of 
operating the ?xture under the less than ideal matching 
conditions. 
Assuming that the diagnostic circuit protection de 

vice 100 does not detect an overload, underload, or 
imbalance during calibration, it will then automatically 
advance to its protection mode. 
The microcontroller 10 coordinates the acquisition of 

digital sample values in the same manner as described 
above. Since the current in the transformer primary 94 
is out of phase with the secondary voltage, it is con 
verted during an interval which is appropriate to allow 
adequate samples of all three values to be taken during 
a single power cycle. 

Just as above, the values may be averaged or condi 
tioned in other ways. In the preferred embodiment, the 
half-cycle voltage samples are averaged while the cur 
rent samples are analyzed for a maximum value. Com 
parisons with stored values are made just as described 
above, during each half-cycle of the power signal. This 
facilitates shut-off by the next zero-crossing of the pri 
mary coil 94 voltage waveform. 

Microcontroller 10 also samples the ambient tempera 
ture value at convenient times during each cycle of the 
power signal, although temperature measurements are 
not critical to the innovation embodied in the present 
invention. 
The diagnostic circuit protection device 100 detects 

and indicates faults in the following ways. 
When both ?rst and second sensed secondary volt 

ages are above the stored voltage calibration values, 
plus some threshold tolerance, and the sensed primary 
current value is below the stored current value minus 
some tolerance, an open condition is indicated and 
power is shut down. 
When both ?rst and second sensed secondary volt 

ages are below the stored voltage calibration values, 
minus some threshold tolerance, and the sensed primary 
current value is well above or well below the stored 
current value, plus or ‘minus some tolerance, respec 






